Teacher quality is an important factor in improving student achievement. As such, policymakers have constructed a number of different credentials to identify high quality teachers. Unfortunately, few of the credentials used in developing countries have been validated (in terms of whether teachers holding such credentials actually improve student achievement). In this study, we employ a student-fixed effects model to estimate the impact of teacher credentials on student achievement in the context of the biggest education system in the world: China. We find that having a teacher with the highest rank (a credential based on annual assessments by local administrators) has positive impacts on student achievement relative to having a teacher who has not achieved the highest rank. We further find that teacher rank has heterogeneous impacts, benefiting economically poor students more than non-poor students. However, whether a teacher attends college or holds teaching awards does not appear to provide additional information on teacher quality (in terms of improving student achievement).
researchers have established that educational background (Harris & Sass, 2011; Kukla-Acevedo, 2009 ), professional certifications (for example, fulfilling professional teaching requirements set by a national agency -Clotfelter, Ladd, & Vigdor, 2007; Harris & Sass, 2009; Boyd, Grossman, Lankford, Loeb, & Wyckoff, 2006) , and teaching experience (Rockoff, 2004; Ferguson & Ladd, 1996) raise student achievement in primary schools.
In contrast to research from developed countries, much less is known about the types of teacher credentials that positively impact student achievement in developing countries, their impact on different types of students, and how they translate to improvements in student achievement. Existing studies have estimated the impact of teacher subject-specific knowledge and union membership on student achievement (in Peru and India- Metzler & Woessmann, 2012; Kingdon & Teal, 2010) . However, these two studies did not explicitly focus on those teacher credentials that are more often used by policymakers or school administrators in teacher hiring, assignment, and compensation decisions (such as educational background or professional certification). Moreover, to our knowledge, there have not been any studies in the context of developing countries that focus on measuring the differential impact of teacher credentials on the achievement of disadvantaged (poor or low-performing) students. Finally, even less is known about how such credentials might translate to improved student achievement (e.g. what the credentials tell us about the actual behavior of the teacher).
One country that especially could benefit from an evaluation of teacher credentials is China. China has one of the largest education systems, and hence one of the largest teacher labor forces, in the world. In 2012, approximately 5.6 million teachers taught nearly 100 million primary school students (MOE, 2014) . About 42% of these teachers worked in rural areas (not including rural-urban transition areas-MOE, 2014). The size of the rural teacher labor force in China is noteworthy as it exceeds that of entire developed countries such as the United States (which had approximately 2 million primary school teachers in -2012 -NCES, 2013 .
Surprisingly, almost no studies examine which teacher credentials actually improve student achievement in China. With the exception of one unpublished study (from over a decade ago- Park & Hannum, 2001) , we know of no study from China that systematically examines which teacher credentials raise student achievement and to what degree. Moreover, we know of no study that examines the heterogeneous impacts of teacher credentials or how such credentials lead to improvements in student achievement. Lacking empirical evidence on which teacher credentials matter for student achievement, policymakers and school administrators in China (and other developing countries) may make inefficient decisions about teacher hiring, assignment, and compensation.
The goal of this paper is to examine which teacher credentials improve student achievement in China. As part of this goal, we have three specific objectives. First, we identify the impact of three commonly used teacher credentials (introduced in the section below) on the achievement of the average primary school student. Second, we consider whether there are heterogeneous impacts of teacher credentials on the achievement of economically poor and low-performing students (as well as by gender). Third, we explore whether "additional teacher effort" (the total amount of non-class time that teachers spend on their teaching activities, both inside and outside of school) is a plausible mechanism through which teacher credentials impacts student achievement.
To estimate the impacts of teacher credentials, we analyze data on approximately 4000 students from 70 rural primary schools in one province of Northwest China.
1 Similar to a number of recent studies on the effects of teacher credentials, our identification strategy relies on a cross-subject student-fixed effects model (Kingdon & Teal, 2010; Van Klaveren, 2011; Clotfelter, Ladd, & Vigdor, 2010; Dee, 2005 Dee, , 2007 . The model removes potential sources of bias that can result from the non-random sorting of students to teachers and schools. Our analytical models also control for a large set of cross-subject student and teacher covariates. The rest of the paper is organized as follows. Section 2 provides a background on policies underlying teacher credentials in China, describes our data, and outlines our analytical approach. Section 3 presents results of the impact of teacher credentials on student achievement. In the analysis we examine the effect of teacher credentials on the average student as well as on disadvantaged (poor, female, or low-achieving) students. In Section 3, we also explore one potential mechanism by which teacher credentials may affect student achievement. Section 4 discusses the results and concludes.
1. Research design.
Teacher credentials in China
To identify teacher quality (and thus facilitate the effective hiring, assignment, and compensation of a large teacher labor force), policymakers and school district administrators in China have traditionally relied on three teacher credentials: teacher education background, teaching awards, and teacher rank (MoE, 1986) . First, policymakers have traditionally used teacher education background to screen individual teachers for prerequisite training and ability (MoE, 1993a) . For example, elementary school teachers are required to hold at least a vocational college degree as a pre-requisite to teach (with college degrees or higher considered favorably in hiring and promotion decisions-MoE, 1993a).
Second, policymakers have developed a system where teachers bestow teaching awards to one another based on results from classroom audits. Multiple award categories (such as excellence in classroom management or pedagogy) are usually given on an annual basis. Administrators and principals consider teachers who garner teaching awards more favorably when making promotion and hiring decisions (MoE, 1993b) . 1 We choose to focus on rural schools because improving student achievement in rural China is relevant for the country's future economic development. Rural China will provide a large share of the labor force in the coming years and there is a danger that China could fail to make the transition from developing to developed country if the average rural child is not being educated to support a modern, industrial society. Unfortunately, a number of studies already show that rural students are far behind their urban counterparts in a variety of educational outcomes (Yi et Third, policymakers rely on a system of teacher ranks (zhicheng or 职称) to make hiring and assignment decisions (MoE, 1986) . Teacher rank (among primary school teachers) consists of four levels (in descending order of prestige): senior primary, level one, level two, level three. Teachers are routinely evaluated once every year (as part of standard practice in the education system in China) on whether they should be promoted in rank. As of 2011, 54% of primary school teachers had the senior primary rank. The remaining 46% of teachers either did not have a rank or were ranked at level one, two, or three (MoE, 2011) .
To increase in rank, teachers must fulfill two sets of requirements. First, teachers must possess certain characteristics that are easily observed and measured. These are characteristics that are routinely recorded in administrative databases (sometimes termed "common measures" -Hanushek, 2002) . Such characteristics include awards received, educational degree, years of teaching experience, and experience as a homeroom teacher (in years). Second, teachers are evaluated on their performance and behavior, which is less easy to observe and measure. For example, teachers are evaluated on whether they are able to employ a variety of pedagogical techniques, hold special talents or skills that are relevant in the classroom, demonstrate "exemplary moral and civic behavior," and carry a "persevering and disciplined" attitude (MoE, 1986) .
As with education level and teaching awards, teacher rank is linked to monetary incentives. In much of the United States, salaries increases are mostly based on experience and educational degree (Podgursky & Springer, 2007) . However, in China, beyond experience and one's education degree, salary increases are also based, in no small part on teacher rank (MoE, 1986) . Teachers thus have (monetary) incentives to engage in activities that will increase their rank.
Policymakers and school district administrators in China rely on all three types of credentials-teacher education, teacher awards, and teacher rank-to make hiring and assignment decisions. However, it is an open empirical question and one of considerable policy relevance to assess whether these credentials positively impact student achievement. For example, it could very well be that some or all three credentials have no positive impact on student achievement and therefore should not be used to identify teacher quality in China (and should not be used in hiring, assignment and promotion decisions).
Moreover, we know little about how these credentials reflect quality (if at all). For example, as it turns out, teacher rank is an ambiguous measure. It is an aggregate of multiple factors (teacher characteristics and behaviors). We do not know how each factor is weighted when determining teacher rank in rural China. Thus, even if teacher rank does positively impact student achievement, our study further assesses whether it is an indicator that can be used systematically (on a system-wide basis) to compare teachers across rural China. If the positive impacts of teacher rank are based on factors that are observable to the policymaker, then hiring and assignment decisions can be made more reliably and on a system wide basis. If, on the other hand, the positive impacts of teacher rank rely on unobservable factors (such as school principals subjective assessments of the way in which teachers affect student outcomes), the indicator is much less reliable and cannot be used to compare teachers on a system-wide basis.
Sampling
The data for our study is from a sample of rural schools in Shaanxi province (a northwestern province of China). Specifically, our study sample was selected from a population frame of all primary schools in Ankang Prefecture in Shaanxi. We chose Ankang Prefecture primarily because we are interested in understanding what teacher credentials benefit students in poor, rural areas. Ranked 9th out of 10 prefectures in Shaanxi in terms of GDP per capita (2300 US dollars-NBS, 2013), Ankang is one of the poorest regions of China.
We sampled schools from the population frame in several steps. We first excluded 152 (out of a total of 252) elementary schools that did not have grades 1 through 6 or enrolled fewer than 30 students in total. These were often village schools without sufficient enrollment to open grades 5 or 6. We excluded such schools because policymakers informed us that these schools were at high risk of being closed or merged during the school year. We then excluded all schools located in county seats, as these tend to be richer schools that enroll non-rural students. The number of excluded schools enrolled less than 15% of the students in Ankang Prefecture. We then enrolled the remaining 70 schools to our sample.
In each of the 70 sample schools, we surveyed all students from grades 3 and 5. In particular, we administered a baseline survey to grade 3 and 5 students in June 2011 (in fact, when the students were finishing grades 2 and 4). One year later (at the end of grades 3 and 5, in June 2012), we conducted a follow-up survey with the same set of students. At this time, we also identified and surveyed all of the grade 3 and 5 mathematics and Chinese teachers. In other words, we surveyed all of the math and Chinese language teachers of the sample students. Altogether, we surveyed 3947 students (clustered in 127 classes) and 287 of their teachers.
Data collection
We collected information on our main outcome measure (student achievement) during the follow-up survey (in June 2012). In particular, we measured student achievement in math and Chinese subjects in both the baseline and follow-up waves by administering grade and subject-specific standardized tests.
To ensure the validity of the test items, these grade and subject-specific tests were created in the following three steps. First, we collected a pool of subject exam items from nationally and provincially mandated curricula and verified by experts in math and Chinese. Second, we piloted a pool of these exam items with more than 300 students. Third, drawing on results from the pilot and in consultation with experts, the final sets of test items for each test were selected to reflect the appropriate range and level of content for each subject and grade. In total, we created 8 standardized tests: grade 3 start-of-the-year (baseline) math and Chinese; grade 3 end-of-the-year (endline) math and Chinese; grade 5 start-of-the-year (baseline) math and Chinese; grade 5 end-of-the-year (endline) math and Chinese.
Our estimates show that each test is reliable. The Cronbach alpha coefficients for each test are high: .72 and .83 for the grade 3 baseline and follow up math tests; .81 and .83 for the grade 3 baseline and follow up Chinese tests; .85 and .81 for the grade 5 baseline and follow up math tests; and .83 and .69 for the grade 5 baseline and follow up Chinese tests.
We also administered the standardized exams ourselves. Students were given 30 min to finish each examination, which was proctored by our enumerators. For the purpose of our analysis, we standardized the resulting scores (by subtracting the mean and dividing by the standard deviation of the score distribution for each wave-grade-subject specific test).
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To obtain information about teacher credentials, we surveyed all mathematics and Chinese teachers that taught our sample students during the 2011-2012 school year. Specifically, we asked teachers to indicate which of four possible ranks: senior primary (the highest), level one, level two, or level three (the lowest) they held at the beginning of the school year. Because only a very small percentage of the teachers in our sample held the two lowest ranks, we created a dummy variable equal to 1 if a teacher held the highest rank and 0 otherwise. Note that the distribution of teacher rank in our sample is similar to the distribution of teacher rank in the population of teachers in China (NBS, 2014) . In addition to teacher rank, we collected information on two other teacher credentials: whether a teacher ever received a teaching award (a dummy variable = 1, if the teacher had ever received a teaching award) and whether a teacher had a bachelor's degree (i.e. the variable = 1, if the teacher attended college).
We also collected information on student and teacher covariates. We first asked students to report the number of hours per week they spent in mathematics and Chinese courses in school (class hours). We also measured student achievement in both mathematics and Chinese during the baseline survey (in June 2011). Similar to the follow-up survey, we gave students 30-min tests in each subject and normalized the achievement measures (separately for each subject) as z-scores. Finally, we asked students about their gender and their families' ownership of different household assets. We used the information on household assets to construct a poverty index to distinguish between (economically) poor and non-poor students. 3 We asked teachers about their work and background characteristics, such as age (in years), gender (whether female or not), county of origin (whether teachers attended primary school in the same county that they were currently teaching), 4 political affiliation (whether the teacher was a member of the Communist Party), teaching experience (a series of dummy variables indicating experience between two to five years, five to seven years, 10 to 15 years, 15 to 20 years, or 20 or more years of experience), and homeroom teacher experience (in years). We also asked teachers to report hours worked on weekdays and weekends (beyond designated course hours) on teaching-related activities. Reported hours worked serves as our measure of additional teacher effort in our subsequent analyses.
Analytic strategy
Accurately estimating the causal impact of teacher credentials on student achievement is a challenge because the assignment of students to their teachers is non-random. This selection bias could lead researchers to under or overestimate the impact of teaching credentials. For example, higher-achieving students might be more likely to be placed with teachers with higher credentials, which would result in an upward bias when estimating the effect of teacher credentials on student achievement. If instead, lowerachieving students are more likely to be placed with teachers of higher credentials, an underestimation of the impact of teaching credentials could be expected Thus while the direction of the selection bias is ambiguous, the problem of estimating unbiased impacts of teacher credentials on student achievement remains significant.
In an attempt to estimate unbiased causal effects of teacher credentials on student achievement, researchers have used student fixed effects models. In particular, researchers have relied on a "cross-subject" student fixed effects model that removes the potentially confounding influence of unobservable, subject-invariant characteristics (e.g. Kingdon & Teal, 2010; Van Klaveren, 2011; Clotfelter et al., 2010; Dee, 2005 Dee, , 2007 . In effect, the method compares the same student's achievement level between two subjects (taught by two different teachers). If one teacher has a certain teacher credential and the other does not, the difference between a student's achievement in one subject versus the other may be considered a less biased estimator of the impact of the credential (as it controls away any individual characteristics of the student).
We use this type of model to estimate the impact of teacher credentials on student achievement. Following the approach of Clotfelter et al. (2010) , we use within-student variation across language and mathematics subjects to identify the causal impacts. To illustrate how the cross-subject student fixed effects model removes the potentially confounding effects of unobservable, subject-invariant characteristics, we first examine the relationship between student achievement and teacher credentials using a standard linear regression model:
where A is,t is the (endline) achievement of student i in subject s at time t, A is,t − 1 is the (baseline) achievement of student i in subject s at time t − 1; T is is our treatment indicator for whether the teacher was of the highest teaching rank (1 = yes), had a teaching award (1 = yes), or attended college (1 = yes); and C is is a vector of student and teacher covariates that vary across subjects s (within 2 Notably, prefecture-level standardized tests are not administered by the local department of education (in our sample) to measure achievement in grades 3 and 5.
Thus, none of the credentials that policymakers rely upon to make hiring and assignment decisions are based on standardized measures of student achievement. 3 We created the poverty index using polychoric principal components analysis (Kolenikov and Angeles, 2009) . 4 Hannum and Park (2007) find that whether a teacher attended elementary school in the same area he or she teachers has strong positive correlations with their teaching quality and motivation. students) and that serve as control variables. In our study, C is includes dummy indicators for class hours (number of hours per week spent in with a particular teacher), teacher age (in years), gender (1 = female), whether the teacher's county of origin was the same as his or her student's (1 = yes), whether the teacher was a Communist Party member (1 = yes), teacher experience (a series of dummy variables indicating experience between two to five years, five to seven years, 10 to 15 years, 15 to 20 years, or 20 or more years of experience), and homeroom teacher experience (in years).
There is no need to include any student individual characteristics because we can proceed to include the term λ i , a student fixed effect. The student fixed effect term controls all student characteristics that do not vary across subjects. For example, the student characteristics also include family, school, and broader contextual characteristics (associated with the student) that do not differ across subjects. These effects are controlled for by the fixed effect. Finally, the symbol, ε is , represents an error term that varies across both students and subjects.
The other terms (π, α, β, and δ) in Eq.
(1) are coefficients (or vectors of coefficients) to be estimated. The coefficients reflect the relationship between the variables on the right hand side and student achievement on the left hand side. We are most interested in β, which identifies the relationship between teacher credentials and student achievement.
Because the student fixed effects (λ i ) are equivalent across both subjects, differencing Eq. (1) for the two subjects yields an equivalent Eq. (2) as follows:
Unobserved student, teacher, and classroom characteristics that vary across subjects are captured in the differenced error term (ε i1 − ε i2 ). To obtain unbiased estimates of β, this model relies on the assumption that the error term (ε i1 − ε i2 ) in Eq. (2) must be uncorrelated with the treatment across the two subjects (T i1 − T i2 ) and achievement(A i1 − A i2 ). We include (A i1 , t − 1 − A i2 , t − 1 ) and the vector (C i1 − C i2 ) to account for this possibility.
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That is, it could also be true that student characteristics vary by subject and correlate with the sorting of students and teachers. We make two adjustments to control for this selection problem. First, as noted in our model above, we conducted two waves of data collection and thus were able to control for baseline student achievement and the class average achievement of each individual student.
Second, we control for a series of teacher observable characteristics. Table 1 details the mean characteristics of math and Chinese teachers that are controlled for in our model. Mathematics (as a subject) tends to be taught for fewer times per week than Chinese. Mathematics teachers also tend to be about 2 years older than Chinese teachers (significant at the 10% level). Chinese teachers are more likely to be female (by 13 percentage points-significant at the 5% level), and math teachers are more likely to have grown up in the same county that they are teaching in currently (significant at the 10% level). Aside from these four differences, there are no other statistically significant differences across the other characteristics between the mean of language teachers and the mean of math teachers. This set of results in Table 1 suggests there is modest systematic sorting of teachers across language and math 5 To further control for potential subject-specific characteristics in mathematics or Chinese that might be correlated with teacher rank (and student achievement), we also re-ran the model adding an indicator variable controlling for whether a teacher was a math or Chinese teacher (1 = math). The results were essentially identical to the ones presented in this paper. subjects. Although the nature of differences between the teachers of the math and Chinese subjects is narrow, we control for all of these observable teacher characteristics in our analysis (since it is possible or even likely that the variables are systematically correlated with both teacher credentials and student achievement). Finally, there are also some contextual reasons to believe that there is little sorting by subjects or schools: students usually go to local schools in rural areas (e.g. the distance to other schools reduces their ability to select other options). The rural schools we surveyed tended to have only a single class of students (they had smaller enrollments). As such, the entire class would be exposed to the same math and Chinese teacher, and we would not have to worry about teachers of higher rank having a larger say in the assignment process within school.
Taken together, this estimation strategy (like other studies employing cross subject variation across students, see e.g. Dee, 2005 Dee, , 2007 Clotfelter et al., 2010; Kingdon & Teal, 2010; Van Klaveren, 2011; Schwerdt & Wupperman, 2011; Zakharov, Carnoy, & Loyalka, 2014) attempts to address endogeneity in three ways. First, it controls for a rich set of baseline (wave 1) characteristics including pre-test achievement scores to determine the impact on student test outcomes in the endline (wave 2). In this way, our strategy exploits the two-wave nature of the data. Second, the cross-subject nature of our data enables us to control for every observable and unobservable aspect of the student (including their parents, peers, school, and locality) that does not differ across subjects. Third, to further account for unobservable factors that may differ across subjects, even with the same student, we control for teacher and class (peer pre-test scores) characteristics that differ across subjects.
To examine the heterogeneity of treatment effects (between disadvantaged and advantaged students), we interact the treatment variables in Eq. (2) with student baseline characteristics. The student baseline characteristics include whether the student is: Table 2 The impact of teacher rank on student achievement. Source: Author's Survey (Ankang Prefecture Teacher Survey).
Dependent variable = student academic achievement, in standard deviations
(1) (a) economically poor (ranking at the bottom third in terms of the household wealth index we constructed); (b) female; or (c) lowachieving (ranking at the bottom third in terms of achievement according to our tests). The coefficient on the interaction term reflects the degree to which the achievement of disadvantaged and advantaged students is differentially affected by teacher rank. Finally, to estimate the relationship between teacher effort and teacher credentials, we employ a standard linear regression model:
where E t is the total amount of non-class time that a teacher t spent on his or her teaching activities, both inside and outside of school; T t is our treatment indicator for whether the teacher was of the highest teaching rank (1 = yes), had a teaching award (1 = yes), or attended college (1 = yes); and C t is a vector of teacher characteristics. The vector C t includes all of the same control variables that were used in our models above. Because our goal is to measure the relationship between teacher characteristics and effort, this model only relies on data from our teachers (and not students).
Results
According to our results, teacher rank has a positive and significant impact on the achievement of the average student (Table 2 , Column 1). Specifically, the results show that teacher rank increases student achievement by 0.23 standard deviations (Table 2 , Column 1). The result is statistically significant at the 1% level. By contrast, the results show that the separate, direct impacts of teaching awards and attending college are not statistically different from zero.
When the three treatment credentials (teacher rank, teaching awards, and attending college) are included together, the results show that only teacher rank increases student achievement (by 0.20 standard deviations- Table 2 , column 4). The adjusted result is significant at the 5% level. By contrast, teacher awards and educational degrees have no statistically significant effect on student achievement.
Taken together, the results suggest that teachers with the highest rank are able to increase student learning more than teachers with lower ranks. In addition, whether a teacher attends college or holds teaching awards does not appear to provide additional information on teacher quality (in terms of improving student achievement). In other words, the significant impact of teacher rank Table 2 (student baseline score, teacher number of class hours, teacher age (in years), teacher gender (1 = female), whether the teacher is in his or her home county (1 = yes), teacher Communist party affiliation (1 = yes), Experience 2 to b5 years, Experience 5 to b10 years, Experience 10 to b15 years, Experience 15 to b20 years, Experience 20+ years, number of years the teacher has been a homeroom teacher). 3. Student baseline score is measured by a 30-min standardized test (for mathematics and Chinese) administered and proctored by the research team. Number of class hours refers to the number of hours per week students spend in mathematics or Chinese courses in school (self-reported by students). Home county indicates that the teacher attended primary school in the same county that he or she is currently teaching.
holds even after controlling for whether a teacher attends college or holds teaching awards. Similarly, there are no significant impacts of a teacher attending college or holding teaching awards, whether or not we control for teacher rank. While these results hold for the sample on average, do certain subgroups of students benefit differentially from teacher rank, awards, or college attendance? As it turns out, teachers with highest rank appear to have a positive and statistically significant impact on economically poor students. When all three treatment variables are considered together in the full model, the results indicate that teacher rank improves student achievement by 0.12 standard deviations (significant at the 10% level- Table 3 , column 4). In sum, the results suggest that teachers with highest rank have a significant impact on the achievement of poor as opposed to non-poor students. However, there is no statistically significant evidence to suggest that teaching awards and having a college degree have an impact on the achievement of poor students.
In terms of gender, neither teacher rank, teaching awards nor college degree have any additional positive impact on female student achievement. Having a teacher with the highest rank, in fact, seems to reduce female student achievement (relative to male student achievement) by 0.07 standard deviations (Table 4 , column 1). Importantly, however, this finding is not statistically significant. The same is true for teaching awards and college attendance-there are no statistically significant differential impacts of any teacher credentials on female student achievement (columns 2-3). When the credentials are all included in the model together, the results remain consistent: none of the credentials seem to yield differential, positive benefits on female student achievement.
As with gender, the analysis shows that none of the teacher credentials yield additional benefits for low achieving students. That is, the unadjusted results continue to indicate that having a teacher with the highest teacher rank increases the achievement of students by 0.23 standard deviations (significant at the 5% level- Table 5 , column 1, row 1). However, the coefficient for the interaction term between teacher rank and the dummy variable indicating low-achieving students suggests that teacher rank may reduce modestly the achievement of low-achieving students by 0.02 standard deviations (Table 5 , column 1). The story remains consistent for teacher awards and college attendance. None of the coefficients are statistically significant (columns 2-3). In addition, even when the three treatment variables are considered together, none of the results are statistically different from zero (column 4).
In summary, the evidence suggests that the only teacher credential that increases the academic achievement of the average student is teacher rank. Economically poor students especially benefit from teachers who have high teacher rank. By contrast, none of the other two credentials (teaching awards and a college degree) appear to have a positive impact on student achievement.
Why is it that teacher rank has an impact but not the other two credentials examined? In an attempt to understand how teacher rank translates into student achievement, we further examine the relationship between teacher rank and additional teacher effort (Table 6) . We do so because we hypothesize that teachers who hold the highest rank are also those who are particularly diligent. Table 2 (student baseline score, teacher number of class hours, teacher age (in years), teacher gender (1 = female), whether the teacher is in his or her home county (1 = yes), teacher Communist party affiliation (1 = yes), Experience 2 to b5 years, Experience 5 to b10 years, Experience 10 to b15 years, Experience 15 to b20 years, Experience 20+ years, number of years the teacher has been a homeroom teacher). 3. Student baseline score is measured by a 30-min standardized test (for mathematics and Chinese) administered and proctored by the research team. Number of class hours refers to the number of hours per week students spend in mathematics or Chinese courses in school (self-reported by students). Home county indicates that the teacher attended primary school in the same county that he or she is currently teaching.
That is, they put in additional hours of work during the weekends or after their formal duties conclude during the day. If it is true that teachers with the highest rank do in fact spend more time on their work than other teachers, teacher rank may serve as a signal for hard-working teachers who invest their energies into improving student achievement. When we examine results from our regression between teacher credentials and effort, we find that teacher rank has no significant relationship with additional teacher effort. Compared with teachers who have not yet achieved highest rank, teachers with the highest rank appear to put in 1.26 extra hours of work per week (Table 6 , Row 1). However, this difference is not statistically significant. Although the point estimates suggest that teachers with a teaching award or a college degree reduced their effort by 0.23 or 0.44 h (Row 2 and Row 3, respectively), neither result is statistically significant. In other words, there is no evidence that any of the teacher characteristics considered in our study positively relate to teacher effort.
While we cannot be sure, one potential implication of the null relationship between increased effort and teacher rank is that having the highest rank signals more effective teaching practices (relative to teaching awards or a college degree). That is, teachers with the highest rank do not seem to invest increased effort in their students, but their students still demonstrate increased gains in achievement. If so, teachers with high ranks are more effective at translating their existing efforts into student gains in achievement.
3. Discussion and conclusion.
In this study, we used a student-fixed effects model to estimate the impact of teacher credentials on student achievement in the context of the biggest education system in the world-China. We find that having a teacher with the highest rank in fact does improve student achievement (relative to having a teacher who has not achieved the highest rank) by approximately 0.20 standard deviations. We further find that teacher rank especially benefits economically poor students. However, we found no evidence that teacher rank is associated with increased teacher effort (which we hypothesized was the channel by which teacher rank would improve student achievement). In addition, once accounting for teacher rank, whether a teacher attends college or holds teaching awards does not appear to provide additional information on whether a teacher can improve student achievement.
Granted, there is considerable regional variation in the standards on which the granting of teacher credentials (and teacher ranks in particular) is based. For example, some places may account for academic degrees and student test scores while others may not. Moreover, the weights attached to each item may differ by township or county. Our sample is representative of poor prefecture in Northwest China. As such, we do not have sufficient regional variation in evaluation standards. Nevertheless, this study is the first Table 2 (student baseline score, teacher number of class hours, teacher age (in years), teacher gender (1 = female), whether the teacher is in his or her home county (1 = yes), teacher Communist party affiliation (1 = yes), Experience 2 to b5 years, Experience 5 to b10 years, Experience 10 to b15 years, Experience 15 to b20 years, Experience 20+ years, number of years the teacher has been a homeroom teacher). 3. Student baseline score is measured by a 30-min standardized test (for mathematics and Chinese) administered and proctored by the research team. Number of class hours refers to the number of hours per week students spend in mathematics or Chinese courses in school (self-reported by students). Home county indicates that the teacher attended primary school in the same county that he or she is currently teaching.
to examine the causal impacts of teacher qualifications on student achievement in China. Future work should consider regional variation in evaluation standards (and the cases under which the standards lead to increased student achievement). One significant implication of our results is that local policymakers and school administrators in China appear to be able to (at least to a degree) identify less observable components of teacher quality (such as teacher attitudes, practices, or performance). That is, even after controlling for other teacher credentials and characteristics in our adjusted model (e.g. teaching awards and education level), teacher rank continues to have a significant positive impact on student achievement. As noted above, teacher rank is evaluated on two dimensions: (a) observable teacher credentials (such as teacher awards, education level, and teaching experience) and (b) less readily observable signs of teacher quality including teacher performance and behavior in the classroom. Because our analyses control for (observable) teacher credentials and characteristics, it appears that the impact of teacher rank on student achievement is primarily due to (unobservable) teaching performance and behavior. Indeed, we also discovered that teacher rank is uncorrelated with increased effort (also an observable behavior). This finding is consistent with the interpretation that teacher rank captures other important-but less readily observable-components of teacher quality.
What does this mean for policymakers? Policymakers/administrators must make hiring, assignment, and compensation decisions based on the information that is available. The teacher rank system appears, at least to some degree, to distinguish between higher and lower quality teachers (who are improving the achievement of their students). However, the fact that teacher rank reflects unobservable factors (such as principals' subjective assessments) means that it cannot be used to compare teachers on a system-wide basis. Nonetheless, the fact that school administrators have access to other information that can be used to determine teacher quality to make human resource decisions is nontrivial. Indeed, this information can be used within the school or locally. To the best of our knowledge, our study is the first to explore this important issue in China. However, there are also clear drawbacks to using teacher rank as a primary indicator of teacher quality. For example, we note that the majority of our sample of rural teachers was categorized into only one of two ranks (either the highest rank or the next highest rank). We conjecture that two ranks provide little information to help policymakers/administrators differentiate between teachers of varying quality, reducing the usefulness of rank as a signal of quality teachers.
